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Abstract 
Prolactin is a protein hormone involved in osmoregulation in teleost species. The Atlantic 
herring (Clupea harengus) is a marine teleost which is found in environments of different 
salinities. The local herring population’s possible use of spawning areas with different 
salinities could involve a difference in genetic selection.  
The aim of this project was to determine the prolactin cDNA sequence in Atlantic herring in 
order to look at the expression of this protein hormone. Individuals were sampled from two 
locations with different salinities, possibly representing two populations, in order to establish 
if any differences could be found at the protein hormone level.  
At present a partial cDNA sequence for prolactin has been obtained. The sequence consists of 
501 nucleotides and codes for 167 amino acids. The 5’end and 3’end as well as a small gap of 
21 nucleotides still needs to be sequenced. Also the sequence still needs to be obtained from 
individuals from both locations in order to compare the cDNA. Despite the missing parts 
identities between 59-73% was found when comparing with 19 other teleost species.  
   
Abstrakt  
Prolaktin er et protein hormon som er involveret i osmoregulering hos teleoster. 
Atlanterhavssilden (Clupea harengus) er en marin teleost som lever i miljøer med forskellig 
salinitet. Lokale sildepopulationers mulige brug af gydeområder med forskellig salinitet 
kunne resultere i en forskel i genetisk selektion.  
Formålet med dette projekt var at bestemme cDNA sekvensen for prolaktin i 
Atlanterhavssilden for, at kunne se på udtrykkelsen af dette protein hormon ved forskellige 
saliniteter. Individer fra to lokaliteter med forskellig salinitet blev indsamlet for at etablere om 
en forskel kunne findes på protein hormon niveau. Individer fra disse lokaliteter repræsenterer 
muligvis to populationer.  
Indtil nu er en delvis cDNA sekvens for prolaktin blevet bestemt. Sekvensen består af 501 
nukleotider og koder for 167 aminosyrer. 5’- og 3’-enderne, såvel som et lille hul på 21 
nukleotider, mangler stadig at blive sekventeret. Ligeledes mangler cDNA sekvensen for 
individer fra de forskellige stationer stadig, at blive bestemt for at kunne sammenligne cDNA.  
Til trods for de manglende regioner af sekvensen blev der fundet mellem 59-73% identitet 
ved sammenligning med 19 andre teleoster.   
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Figure 1: Salt secreting cells in the gill epithelia of 
marine teleosts. 
The pumping of the Na+/K+/2Cl- Cotransporter and 
Na+/K+ ATPase results in a movement of chloride 
from the blood into the cell. It then diffuses out in the 
external environment which results in a 
transmembrane gradient that draws Na+ out in the 
external environment from the blood trough 
paracellular channels. Each chloride cell is associated 
with an accessory cell and in between these cells is 
the paracellular channel located. 
-Circles indicate transporter proteins/enzymes (Active 
transport). 
-Squares indicate ion channels (diffusion)  
 
Source: Randall et al., 2002 
Introduction 
Osmoregulation in fish  
Fish face the challenge of osmoregulation due to the environment they live in. This is the case 
for marine species as well as for freshwater species. Species living in saltwater are 
hypoosmotic compared to their surroundings, meaning that the osmolarity is lower in fish 
compared to the aquatic surroundings. This difference results in a loss of water from the fish 
to the environment. To compensate for the 
loss of water fish drink saltwater and 
secrete the NaCl trough the gills (Randall 
et al., 2002). In species living in freshwater 
the opposite situation is found. Here the 
osmolarity is higher in fish compared to 
the environment and they are therefore said 
to be hyperosmotic. Due to the osmotic 
difference water tends to diffuse into the 
fish and they loose salts to their 
surroundings. Fish therefore have to get rid 
of the water which is secreted as highly 
diluted urine. The loss of NaCl is 
supported by an uptake over the gills and 
trough the diet (Randall et al., 2002). Fish 
gills are one of many organs involved in 
osmoregulation. In teleost fish (modern 
bony fish) the gill contains epithelial cells 
called chloride cells. These cells are found 
in both saltwater and freshwater teleosts. Chloride cells are very important in osmoregulation 
in marine teleosts. In these teleosts chloride cells have high levels of Na+/K+ ATPases and 
Na+/2Cl-/K+ cotransporters which are involved in the secretion of NaCl (Randall et al., 2002) 
(Figure 1). 
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Figure 2: The cells in the gill epithelia of 
freshwater teleosts. 
The proton pump located in the apical membrane 
makes a gradient used to move Na+ into the cells. 
From the cells Na+ is moved into the blood. The 
enzyme carbonic anhydrase hydrates CO2 creating 
HCO3- and H+.HCO3- makes a gradient that drives the 
anion antiporter resulting in a uptake of Cl- into the 
cell which then diffuses into the blood.  
-Circles indicate transporter proteins/enzymes (Active 
transport). 
-Squares indicate ion channels (diffusion)  
 
Source: Randall et al., 2002 
In freshwater species chloride cells are also found in the gill epithelia where they are involved 
in the uptake of Na+ and Cl- from the external environment. Chloride cells in freshwater 
teleost differ from the ones in marine teleosts. They contain anion transporter proteins and 
high levels of proton pumps in the apical membrane (Randall et al., 2002) (Figure 2). 
 
Some species tolerate a wide range of 
salinities and are said to be eurohaline. 
Others only tolerate a narrow range and are 
said to be stenohaline (Randall et al., 
2002). Eurohaline species have evolved to 
survive in varying salinities. This is done 
by physiological adaptation of the gill 
epithelium. In fish species that migrate 
between saltwater and freshwater, the gill 
epithelium adjusts to the changing 
environment by synthesizing or destroying 
molecular components of the transport 
systems such as transporter proteins and 
ion channels. Also the chloride cells are 
altered both in number and morphology 
(Randall et al., 2002). When a eurohaline 
teleost moves from saltwater to freshwater a number of cellular changes occur (Randall et al., 
2002): 
1) The paracellular gaps between the chloride- and accessory cells close due to low 
external salt concentrations and the loss of NaCl decreases rapidly. 
2) The level of the hormone prolactin in the plasma increases. 
3) The prolactin reduces chloride cell number and the apical pits disappear. This results 
in a fall in Na+/K+ ATPase activity. 
4) The activity of proton pumps is up-regulated so that the fish is able to survive in 
freshwater. 
The physical adaptation of the gill takes a few days.   
Page 7 of 50 
Prolactin and its role in osmoregulation 
The physical adaptation to changing salinity in eurohaline species is brought about by 
different hormones. Prolactin is a protein hormone involved in freshwater osmoregulation in 
teleosts (Clarke and Bern, 1980). Although it is generally accepted that for most eurohaline 
species this hormone is involved in adjusting to life in freshwater it is not possible to 
generalize for all teleosts (Clarke and Bern, 1980; Bern, 1983; Hirano et al., 1986). The 
importance of prolactin in osmoregulation is different between species. Anadromous teleosts 
such as salmon seem to be less dependent on prolactin in freshwater, and freshwater fish are 
not dependent on their pituitary gland for production of prolactin in this environment (Bern, 
1983).  
 
Prolactin is a member of a family of hormones that also includes growth hormone, 
mammalian placental lactogen and teleostean somatolactin (reviewed in Rand-Weaver et al., 
1993). With the exception of teleosts prolactin is in the size of 197-199 amino acids in all 
vertebrates and forms three disulfide bonds (reviewed in Bole-Feysot et al., 1998). In teleosts 
prolactin is 12-14 amino acids shorter and a disulfide bridge located in the N terminus in other 
vertebrates is missing (Rand-Weaver et al., 1993). It is secreted from the pituitary gland and it 
has over 300 known functions in vertebrates. Besides prolactins role in osmoregulation it is 
involved in growth and development, the endocrine system and metabolism, the brain and 
behavior, reproduction, immuno-regulation and protection (Bole-Feysot et al., 1998). It is the 
most versatile hormone compared to other hormones secreted from the pituitary gland (Bole-
Feysot et al., 1998). Besides being secreted from the pituitary gland it is also produced in 
various other tissues and cells such as the placenta, uterus, parts of the brain, mammary gland 
and lymphocytes (reviewed in Freeman et al., 2000). When secreted from the pituitary gland 
prolactin is part of the endocrine system. It is transported trough the circularly system to the 
target tissue where prolactin receptors are located in the plasma membrane. When secreted 
from other tissues than the pituitary gland prolactin can also act in an autocrine or paracrine 
manner (Bole-Feysot et al., 1998). 
 
Alternative splicing and posttranslational modification creates different variants of prolactin 
(reviewed in Freeman et al., 2000). Besides these different variants two forms of prolactin 
have been identified in some teleost species such as the chum salmon (Oncorhynchus keta), 
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common carp (Cyprinus carpio), Japanese eel (Anguilla japonica), Mozambique tilapia 
(Oreochromis mossambicus) and Nile tilapia (Oreochromis niloticus) (reviewed in Manzon, 
2002). In salmon, eel and carp the two forms of prolactin are very homologous (reviewed in 
Manzon, 2002). This is not the case in the tilapia species where the two forms of prolactin 
only show 69% identity (Yamaguchi et al., 1988). 
 
In osmoregulation prolactin prevents loss of ions and decreases the water permeability of 
osmoregulatory organs, and its receptors have been identified in osmoregulatory organs 
indicating that these organs are the site of action for prolactin (reviewed in Manzon, 2002). 
Many studies have been conducted on the effects of prolactin on gill Na+/K+ ATPase activity. 
The different studies have shown that prolactin is able to increase, decrease or have no effect 
on the Na+/K+ ATPase activity and there is therefore no consensus on its effects on these 
transporter proteins in gills (reviewed in Manzon, 2002). Regarding the chloride cells in the 
gills, prolactin has effects on morphology, distribution and cell number. Studies have shown 
that prolactin is able to reduce or have no effect on chloride cell number. It is also able to 
decrease cell size (reviewed in Manzon, 2002). The effects of prolactin are dependent on the 
environmental salinity. A previous study has shown that the number and size of chloride cells 
in seabream (Sparus sarba) were unaffected by prolactin in saltwater and reduced in a 
hypoosmotic environment (Kelly et al., 1999). The mucus cells of the gills are also affected 
by prolactin. The hormone increases the mucus secretion from the cells (reviewed in 
Horseman, 1987) and it has been suggested that the effect of prolactin on these cells is to limit 
the water permeability of the teleosts, although evidence for this is not unambiguous (Bentley, 
1998). Besides the effects described on the gills, prolactin also acts on other osmoregulatory 
organs such as kidneys, intestines, urinary bladder and skin (reviewed in Manzon, 2002). 
 
Project description  
This project concerns the expression of prolactin in the Atlantic herring (Clupea harengus) 
that is a marine teleost. This herring species is found in the North East and North West 
Atlantic (figure 3). 
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The reason for looking at prolactin in herring is because it is a marine species found at 
different salinities. Genetic surveys have suggested that local populations are adapted to life 
and spawning at different salinities (Bekkevold et al., 2005). This suggests that different 
populations might experience difference in genetic selection.  
 
In the marine environments around Denmark herring is found in the North sea, Skagerak, 
Kattegat, the inner coastal waters and in the Baltic sea (ICES, 1991). The species is also 
found in environments such as the Isefjord in Denmark which, like the Baltic sea, has a lower 
salinity compared to fully marine areas. The physical adaptation to lower salinity involves a 
change in osmoregulation which is set off by prolactin. Changing to an environment of lower 
salinity also involves a different expression of prolactin. In order to look at the expression and 
compare the different levels of prolactin in herring in different environments the first step 
would be to determine the sequence of this protein hormone and its cDNA. Secondly this 
sequence could be used to make protein and from these create antibodies, which could be 
used to reveal the location and levels of prolactin in different tissues at different salinities in 
different populations.  
 
 
 
Figure 3: The distribution of Atlantic herring (Clupea harengus) 
The red and yellow colours indicate the distribution of the Atlantic herring, with the 
highest density in the red areas. 
 Source: FishBase 
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Location 1 
Isefjord 
Location 2 
Øresund 
Figure 4: Samling stations of herring in sealand 
The figure shows the northeastern part of Sealand and the locations where the 
Atlantic herring where sampled. 
Source: Google earth (modified) 
The aim of this project is to determine the sequence of the prolactin hormone expressed in 
Atlantic herring, in order to conduct future experiments with the expression of prolactin. 
Individuals are sampled from the Isefjord (brackish) and Øresund (saltwater) (figure 4). This 
is done in order to establish if any genetic differentiation in the sequence for prolactin can be 
found between the herring because of two possibly different populations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Since little is known about the herring located in the Isefjord and compared to the ones found 
in Øresund it is not known whether the herring from the two sampling stations represent the 
same or different, and potentially genetically differentiated populations. Although herring 
populations in the North Sea-Baltic Sea area exhibit genetic differentiation associated with 
salinity parameters at spawning sites (Bekkevold et al., 2005), no physical barriers exist 
between the two sampling locations which are separated by only proximally 150 km. It is thus 
expected that few reproductive barriers exist between the sampled herring and that they 
represent a single genetic pool why a high degree of conservation within the open reading 
frame of the cDNA between the two strains is expected. In order to establish the conservation 
for the obtained herring prolactin sequences they will be compared with each other and 
prolactin sequences from other teleost species.  
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Materials and Methods 
Fish sampling 
Two known herring locations (figure 4) with low salinity (Isefjord) and high salinity 
(Øresund) were chosen for sample collection. Because of seasonal variation in the location of 
the herring species, they were caught in the spring (April) in the Isefjord, and in the autumn 
(September) in Øresund. The herring were caught using fishing tackle. The fish were 
transported in an aerated bucket back to the lab for dissection. In the lab the fish were 
decapitated and the pituitary gland was removed within 5 min. and transferred to a 2ml cryo 
tube and instantly frozen by lowering the tube into acetone super cooled by dry ice. The 
pituitary glands were stored at -800C. 
RNA Isolation  
The following RNA isolation kits were used: 
• NucleoSpin RNA II from Macherey-Nagel (Cat. No.: 740955.50)  
• MasterPureTM RNA Purification kit from Epicentre (Cat. No.: MCR85102) 
• RNeasy® Mini Kit from Qiagen Technologies (Cat. No.: 74104) 
All RNA was isolated according to the manufacturer’s instructions. 
cDNA synthesis 
For synthesis of cDNA from RNA the following products were used: 
• RevertAidTM H Minus First strand cDNA synthesis kit from Fermentas (Cat. No.: 
k1631) 
• RevertAidTM M-MuLv Reverse Transcriptase from Fermentas (Cat. No.: EP0441) 
All cDNA was synthesized according to the manufacturer’s instructions with a oligo dT 
primer. 
Chromosomal DNA isolation 
Isolation of chromosomal DNA was done according to the following procedure: 
Calculate how much Proteinase K-TENS buffer is needed. This is done by saying the 
numbers of samples are N and the buffer is made: 
Page 12 of 50 
N x 600µl TENS pH 8.5 buffer (100mM TrisCl pH 8.5, 5mM EDTA, 200mM NaCl, 0.2% 
SDS (The SDS has to be of good quality at least SIGMA 99% cat. no: L-4509)) and N x 7.5µl 
Proteinase K, 20mg/ml in H2O. When the buffer is made the isolation of chromosomal DNA 
is as follows:  
1. To the frozen pituitary glands 500µl Proteinase K-TENS buffer is added in a 1.5ml 
eppendorf Snap-Cap tube. Incubate at 550C to the next day. 
2. The next day the samples cool to room temp. on the table. A new set of 1.5ml tubes 
are prepared and 500µl isopropanol is added. Leave at room temp. 
3. Leave the tubes to incubate for 3-5 min at room temp. They are mixed by turning a 
couple of times during the incubation. 
4. The samples are centrifuged at 12000g for 5 min at 150C. The supernatant is removed 
and the samples are placed upside down on filter paper to dry. 
5. Add 600µl of room temp. 80% ethanol and gently invert the tubes several times to 
wash the DNA. Centrifuge for 2 min at max. speed at room temp. 
6. Carefully aspirate the ethanol wash using a pipette. Spin briefly and remove as much 
of the ethanol wash as possible. The DNA pellet is very loose at this point and care 
must be used to avoid aspirating the pellet into the pipette. 
7. Air-dry the pellet for 5-10 min. 
8. Add 100µl TE buffer and rehydrate the DNA by incubating the solution overnight at 
40C. 
9. Store the DNA at 40C. 
 Spectroscopic measurements 
All concentration measurements of RNA and cDNA were conducted on a BioPhotometer 
6131 from Eppendorf and all OD measurements were conducted on an Ultrospec 2100PRO 
from Amersham Biosciences. 
Degenerated primers 
Because no prolactin sequence is known for the herring we constructed degenerated primers, 
being a mix of primers with different base substitutions designed from other known cDNA 
sequences. The primers were constructed using NCBI to obtain known prolactin sequences 
from other closely related fish species. These were zebrafish, goldfish, two carp- and two 
catfish species. See table 2 for GI number and figure 12 for their taxonomic relationship. With 
Page 13 of 50 
the use of the software program Winseq (unpublished, Flemming G. Hansen, CBS 
BioCentrum-DTU, Technical University of Denmark) a table of codon usage was constructed 
for species of close relation to the herring. The table tells the frequency of codon usage within 
the amino acids. This codon knowledge and an alignment of the used species made it possible 
to construct degenerated primers in the most conserved areas of the 5’ and 3’ end. The 
primers are presented in the primer table below and their location in the cDNA sequence is 
shown in figure 5.   
Primers 
Figure 5 shows the approximate position of all the primers used. 
Name Sequence (5’?3’) comment Restriction-
sites used 
5´-prl AAGGATCCCATATGCTGAATGATTTVCTGGANCGAGCBTCTCA Degenerated BamHI, NdeI 
3´-prl ACGAATTCAAGCTTCCGGCASCGTAGMACTTTGAGGAA Degenerated EcoRI, HindIII 
Uni-CCC ATGCTCGAGTCTAGACCCCCCCCCC  XhoI, XbaI 
Prl-1-new CTGAATGATTTCCTGGAGCG  - 
Prl-3 ATGCTCGAGTCTAGACGCAGAGACTCCCACAAGATC  XhoI, XbaI 
Prl-3-new ATAATTCTAGAGCTTCCTCAAAGTGCTACGC  XbaI 
Prl-2 GTCCACCCTGAGAAAAGCCTG   
Prl2-2 CAGGCTTTTCTCAGGGTGGAC  - 
DAN-V GACTCGAGTCGGATCCATCGATTTTTTTTTTTTTTTTTV * XhoI, BamHI,  
DAN-p1 GACTCGAGTCGGATCCATCGA  XhoI, BamHI 
pBR 1a CCGAAAAGTGCCACCTGACG For vector 
pBR322 
 
Bamback CGCCAGCAACCGCACCTGTG For vector 
pBR322 
 
 
pFH2102-4 GCATAATTCGTGTCGCTCAAGG For vector 
pTAC5147 
 
pFH2102-5  TCAAGCTGGGATTTAGGTGACAC For vector 
pTAC5147 
 
M13 
Forward 
CTGGCCGTCGTTTTAC For Topo-
TA vector 
 
M13 
Reverse 
CAGGAAACACTATGAC For Topo-
TA vector 
 
Table 1: Overview of used primers including their sequence and restriction sites. 
*Anchor primer used to make cDNA. This anchor primer and primer DAN-p1 was designed as described by 
Danielson and Fogleman, (1997).  
Figure 5: Primer map 
The map shows the positions of all the designed primers used. Note that the map is not to scale regarding the 
size of the different regions and position of the primers. The degenerated primers are shown in blue.  
DAN-V 
5´Prl 
3´Prl 
GGGGG 
Uni-CCC 
Prl2-2 
5´ UTR 3´ UTR ORF 
TTTTTTTTTTTT 
AAAAAAAAAAA 5´ 
3´ 
Prl-1-new   Prl-3-new 
5´ 
3´ 
DAN-p1 
   Prl-2    Prl-3  
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PCR polymerases 
The following polymerases were used in the PCR reactions: 
• Fermentas Taq polymerase (Cat. No. EP0402) 
• Finnzymes Phusion High-Fidelity DNA Polymerase (Cat. No. F-530S) 
• Ampliqon HotStar DNA polymerase (Cat. No. 250503) 
Fermentas Taq polymerase was used if others are not indicated. All PCR reactions were 
conducted according to the manufacturer’s instructions. 
Colony PCR 
All colony PCR reactions were conducted according to normal procedures recommended by 
the manufacturer’s instructions. The only difference was that the volume of template DNA 
was exchanged with H2O and one cell-colony of the designated clone was added with the 
correct insert. 
PCR purification 
All PCR products were purified with MinEluteTM Gel Extraction Kit (Cat. No.: 28604) from 
Qiagen or High Pure PCR Product Purification Kit from Roche Diagnostics (Cat. No.: 
11732676001) according to the manufacturer’s instructions. 
Plasmids and bacterial strains 
pTAC5147 (unpublished, T. Atlung) (figure 6) was used 
as a vector to clone our PCR products made with our 
degenerated primers as suggested by Sambrook et al. 
(1989). pTAC5147 contains a His tag located before the 
NdeI site which can be used for latter purification of 
proteins transcribed and translated from the insert. 
Besides this restriction site a HindIII is located just 
before primer pFH2102-5. These restriction sites were 
also found in the degenerated primers so PCR fragments 
created with these primers could be cloned into the 
vector. Purification of pTAC5147 plasmids was done by 
taking an overnight culture of bacteria containing the plasmid. These cells were added to 5ml 
Figure 6; Plasmid pTAC 5147 
Restriction sites for NdeI and HindIII 
are indicated. The plasmid specific 
primers are designated pFH2102-5 
and pFH2102-4. 
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Figure 7: Plasmid 
pBR322 
Restriction sites for EcoRI 
and BamHI are indicated. 
The plasmid specific 
primers are designated 
pBR 1a and BamBack. 
Figure 8: Features of the pCR®4-TOPO® vector 
The plasmid contains the M13 forward and M13 reverse primers on either 
sides of the insertion point. 
Source: Manual for TOPO TA Cloning® Kit for Sequencing from 
Invitrogen 
LB medium + ampicillin and grown overnight in a water bath at 
37°C. Afterwards the plasmid was purified. pBR322 supplied by 
Atlung, T. (unpublished) (GI: 208958) was used as vector for 
inserts created with primers without restriction sites in either one 
or both primers where blunt end ligation was necessary. An 
EcoRV (blunt end) and a BamHI restriction site is located within 
the gene coding for tetracycline resistance and one or both of 
these restriction sites were used to clone in inserts with either 
one or two blunt ends (figure 7). The inactivation of the 
tetracycline gene was used to select the right clone, by plating on 
plates with ampicilin and plates with tetracycline.  
 
pCR®4-TOPO® (figure 8) was used as vector for the PCR 
products run with Fermentas Taq Polymerase. This can be done because the Taq polymerase 
leaves an A-base overhang. With this overhang a TA-base cloning of the PCR product into 
the vector is possible. The plasmid was supplied with the  
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TOPO-TA cloning® kit from Invitrogen (Cat. No.: 45-0071) together with the One shot 
competent cell for transformation according to manufacturer’s instructions. When an insert is 
cloned into the pCR4-TOPO vector, no transcription of the LacZα-ccdB fusion gene can take 
place. If no insert is added the CcdB gene would be transcribed resulting in CcdB proteins 
killing the cells. In this way it is possible to select for clones with an insert. 
 
E. coli MT102 cells (Atlung et al., 1989) that were RbCl2 competent according to Hanahan 
(1985) were used for transformation with pTAC5147 as described by Sambrook et al. (1989).  
Genotype: MT102 E.coli K-12 thi Δ (ara-leu) 7679 araD139 lacΔX74 galU galK rpsL 
hsdRK12 (alias TC3089). 
 
Plasmid purification 
Plasmid purifications were conducted with High Pure Plasmid Isolation Kit (Cat. No.: 
1754785) from Roche Diagnostics and Plasmid Mini Kit I (Cat. No.: D6943-02) from 
OMEGA bio-tek according to the manufacturer’s instructions. 
Restriction enzymes 
The following restriction enzymes were used to cut DNA fragments and plasmids: 
• HindIII from Amersham Pharmacia Biotec (Cat. No.: E1060Y) 
• EcoRI from Fermentas (Cat. No.: ER0271) 
• EcoRV from Biolabs (Cat. No.: R015S) 
• BamHI from Fermentas (Cat. No.: ER0051) 
• NdeI from Biolabs (Cat. No.: 111S) 
All PCR products and plasmids were cut with restriction enzymes according to Sambrook et 
al. (1989). 
Ligation 
T4 DNA Ligase from Fermentas (Cat. No.: EL0015) was used according to the 
manufacturer’s instructions. 
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Terminal Deoxynucleotidyl Transferase (TdT) 
Terminal Deoxynucleotidyl Transferase (TdT) from Fermentas (Cat. No.: EP0161) was used 
according to the manufacturer’s instructions. TdT is a template independent DNA polymerase 
that ads deoxyribonucleotides to the 3’-OH termini of DNA.  
Ribonucleases 
The following ribonucleases were used: 
RNase A from Epicentre (Cat. No.: MRNA092). Volumes were added according to 
manufacturer’s instructions to the samples and heated for 10 min at 950C and 10 min at 250C. 
RNase H from Epicentre (Cat. No.: R0601K) was added according to manufacturer’s 
instructions. 
Molecular markers 
The following molecular markers from Fermentas were used to determine the band size of 
RNA and DNA products: 
• O'RangeRuler™ 100bp DNA Ladder, ready-to-use (Cat. No.: SM0623) (figure 9) 
• Lambda DNA/Eco91I (BstEII) Marker, 15 (Cat. No.: SM0111) (figure 10) 
• FastRuler™ DNA Ladder, Low Range, ready-to-use (Cat. No.: SM1103) (figure 11) 
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Sequence reactions 
All sequence reactions were conducted with BigDye® Terminator V1.1 Cycle Sequencing Kit 
from Applied Biosystems (Cat. No.: 4336774) according to manufacturer’s instructions. 
All sequence reactions were analysed on an ABI PRISMTM 310 Genetic Analyzer from 
Applied Biosystems according to the manufacturer’s instructions. The sequences were loaded 
into the software program Chromas version 2.01 for further analysis.   
Figure 10: Lambda 
DNA/Eco91I (BstEII) 
The molecular marker is 
designated m2 when referred to. 
Source: fermentas
Figure 11: DNA ladder, low range 
The molecular marker is designated m3 when referred to. 
Source: fermentas 
Figure 9: O'RangeRuler™ 
100bp DNA Ladder 
The molecular marker is 
designated m1 when referred to. 
Source: fermentas
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Comparative sequence analysis 
Basic Local Alignment Search Tool (BLAST) analysis on our obtained cDNA sequences 
were conducted by the use of NCBI. For alignment of teleost cDNA sequence ClustalX 
version 3.1 was used. For other sequence analysis Winseq was used. Treeviewer version 1.6.6 
was used to analyze constructed phylogenetic trees from ClustalX. Preprolactin from the 
following fish species were used for comparison: 
Latin name Common name Gi # Family Environment 
Danio rerio Zebrafish 31088862 Cyprinidae Freshwater 
Tinca tinca Tench  116248046 Cyprinidae Freshwater 
Cyprinus carpio Common carp 62651 Cyprinidae Freshwater 
Carassius auratus Goldfish 50345847 Cyprinidae Freshwater 
Trichogaster trichopterus Three spot Gourami 59859077 Osphronemidae Freshwater 
Perca flavescens Yellow perch 33089960 Percidae Freshwater 
Ictalurus punctatus Channel catfish 8980745 Ictaluridae Freshwater 
Heteropneustes fossilis Stinging catfish 14040042 Ictaluridae Freshwater 
Hypophthalmichthys nobilis Silver carp 63980 Cyprinidae Freshwater 
Anguilla anguilla European eel 62398 Anguillidae Catadromous 
Salmo salar Atlantic salmon 683494 Salmonidae Anadromous 
Oncorhynchus keta Chum salmon (I) 64157 Salmonidae Anadromous 
Oncorhynchus tshawytscha Chinook salmon (II) 17368546 Salmonidae Anadromous 
Oncorhynchus mykiss Rainbow trout 130936 Salmonidae Anadromous 
Coregonus autumnalis Arctic cisco 312638 Salmonidae Anadromous 
Paralichthys olivaceus Bastard halibut (Flounder*) 17367857 Paralichthyidae Saltwater 
Sparus aurata Gilthead seabream 3329461 Sparidae Saltwater 
Thunnus thynnus Bluefin tuna 76667618 Scombridae Saltwater 
Epinephelus coioides Orange-spotted Grouper 37727307 Serranidae Saltwater 
Table 2: Species list for alignment and phylogenetic trees. Source: NCBI 
*In the alignment of species ‘Flounder’ is used to identify the species. 
 
The taxonomic relationship between the used teleost species is shown in figure 12. 
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Besides these 19 species the following species were used for construction of a phylogenetic 
tree: 
Latin name Common name Gi # Environment Comments 
Oncorhynchus keta Chum salmon (II) 222917 Anadromous Two forms of prolactin* 
Oncorhynchus tshawytscha Chinook salmon (I) 59800152 Anadromous Two forms of prolactin* 
Homosapians Human 531103 Terrestrial  Out group 
Table 3: Species list of out groups and two forms of prolactin. Source: NCBI 
*Because two forms of prolactin were found within their species both forms were used in order to establish the 
use of orthologs and paralogs in the alignments. 
European eel
Flounder
Bluefin-tuna
Gourami
Seabream
Yellow perch 
Grouper
Herring
Stinging catfish 
Channel catfish 
Zebrafish
Goldfish
Common carp
Tench
Silver carp
Chum salmon
Chinook salmon 
Artic cisco
Rainbow trout 
Atlantic salmon 
Teleostei 
Figure 12: Taxonomic tree showing the relationship between the 
teleosts used in the report 
The branching of the tree is based on the taxonomi for each teleost 
species obtained from the taxonomi browser on NCBI. The branching 
is ordered as follows:   
1= Unranked, 2?=Different orders, 3?=Different suborders, 
4?=Different families, 5?=Different subfamilies, 6?=Different 
genus’s, 7?=Different species.
2? 3? 1 4? 5? 6? 7? 
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Results 
The following steps were used to obtain the DNA sequence of prolactin from herring: 
• Fish sampling and removal of pituitary gland 
• RNA purification from the pituitary gland 
• cDNA synthesis 
• PCR reaction on cDNA with the use of degenerated primers constructed from 
prolactin sequences from other teleost species 
• Cloning of PCR fragments into a vector. Amplification of the vector and sequencing 
of PCR insert 
• Designing new primers from obtained sequence, then new PCR reactions, cloning and 
sequencing until the entire sequence is obtained 
RNA isolation and cDNA synthesis 
RNA was isolated from herring from both locations. From the 
individuals in brackish water (designated B) four pituitary glands (two in 
each tube) were used. For RNA isolation in individuals from saltwater 
(designated S) only one pituitary gland was used which was isolated 
later. Figure 13 confirms the isolation of RNA on a 1% agaros gel from 
the individuals in brackish water. The two bands shown on the gel in 
figure 13 are the ribosomal RNA. These two ribosomal RNA bands 
indicated that the RNA was successfully isolated. The total amount of 
isolated RNA was measured by spectroscopy. The measurement showed 
that sample 1 and 2 contained 193µg/ml and 80µg/ml RNA respectively. 
Sample 1 was therefore used for cDNA synthesis. cDNA was 
synthesized using three different approaches. The first was not DNase 
treated. In the second reaction, RNA was treated with DNase. Both 
cDNA’s were made with an oligo dt(20) primer. For the third synthesize, 
chromosomal DNA was removed during the isolation of RNA. It was 
synthesized using the DAN-V anchor primer. The three different 
cDNA’s are designated as follows: old cDNA, new cDNA and DAN-V cDNA. The three 
different cDNA’s were synthesized at different times during the time period the lab work 
extended over. The numbers indicate in what order they were synthesized. 
Figure 13: Control 
of RNA 
Purification 
Samples 1 and 2 
each contain RNA 
from two pituitary 
glands. The two 
bands in each tube 
are rRNA. The 
identification of 
these two bands 
shows that RNA has 
been purified. 
m2 1 2
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Figure 15: Control of PCR reaction 
At 500C: C1: Control without template 
 C2: Control without primers 
 A1: Normal (1µl template) 
 A2: Double template 
At 460C: B1: Normal (1µl template) 
 B2: Double template 
C1 shows that the smallest band consists of primers. 
The bands between 400bp and 850bp in samples 
A1, A2, B1 and B2 are bands of interest indicated 
by arrows S (small), M (medium) and L (Large). 
m3      C1      C2      A1     A2      B1      B2      m3 
L
M
S
Getting the first part of the sequence 
Figure 14 shows the location of the primers used to find the first part of the sequence. 
 
After trying with three different DNA polymerases and six different temperatures, for the old 
cDNA, PCR products with Phusion DNA 
pol. were obtained. In order to find out what 
would work best the following samples and 
controls were made at different temperatures 
as shown in figure 15. 
C1 shows primers and no other bands 
indicating that no DNA contamination has 
occurred. C2 shows no bands as expected. 
The rest of the samples show numerous 
bands. All of the four samples were used to 
purify bands.  
Here three bands are visible at and above the 
400bp marker band. We chose to purify 
these three because the size of prolactin is 
around 500bp and because our primers are not located at the very ends of the sequence. The 
three bands were purified and controlled on a gel to determine their purity. Figure 16 shows 
the purity of the bands. The PCR products were cloned into a plasmid. pTAC5147 was used 
for cloning of the purified PCR fragments. Both plasmid and vector was cut with restriction 
enzymes HindIII and NdeI. After being cut the plasmid and vector were ligated together and 
transformed into MT102 cells. Eight colonies were then selected for colony PCR to identify 
the clones with the correct insert. Figure 17 shows a gel control of the colony PCR.  
Figure 14: Primers used for finding the first part of the sequence 
It is estimated that a PCR reaction with 3’Prl and 5’Prl should give a PCR product of around 
500bp. The estimated sizes of the fragments are estimated for the cDNA sequence of zebrafish. 
5´Prl 
Expected size ~500bp
3´Prl 
5´ UTR 3´ UTR ORF 
TTTTTTTTTTTT 
AAAAAAAAAAA 5´ 
3´ 5´ 
3´ 
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m1  1.1 1.2  1.3  1.4 1.5 1.6 1.7 1.8  2.1 2.2  2.3  2.4 m1
m1  2.5 2.6  2.7 2.8  3.1 3.2 3.3  3.4 3.5 3.6  3.7 3.8  m1
Figure 17: Colony PCR 
Fragment S corresponds to 1, fragment M to 2 and 
fragment L to 3. The gel shows that only 4 clones 
contains DNA fragment S, 5 clones fragment M and 5 
clones fragment L.
 
Figure 16:  Control of 
PCR product 
purification 
S, M and L are the 
small, medium and large 
purified bands. 
   m3      S         M       L 
   m1     1.1     1.2     m1     2.6      2.7    m1     3.2     3.3     3.4    3.5    m1  
Figure 18: Control of PCR product purification 
The gel shows purification of the three different bands from their 
respective clones. The bands are intense indicating that they contain large 
amounts of DNA.
Figure 17 shows that clone 1.1, 1.2, 1.5, 1.8, 2.2, 2.4, 2.6, 2.7, 2.8, 
3.1, 3.2, 3.3, 3.4 and 3.6 contained the right size DNA insert. 
Series 1 corresponds to the clones with the small insert (S), Series 
2 to the medium fragment (M) and Series 3 to the large fragment 
(L). Because band 3 was of the biggest size it was expected to be 
prolactin. Band 3.1, 3.2, 3.3, and 3.4 were therefore selected for 
sequencing with a forward primer (pFH-2102-4) and also a reverse 
primer (pFH-2102-5). Only two samples were used from the other 
clones (1.1, 1.2, 2.6 and 2.7) in order to identify them. In order to 
sequence the samples they were purified. Figure 18 show that the 
purification was a success. Afterwards 
sequence reactions were made. After 
analyzing the sequence, a BLAST 
search showed that only the smallest 
band (1.1 and 1.2) shared homology 
with known prolactin sequences. 
Therefore an additional two clones 
were sequenced (1.5 and 1.8). From 
these clones stock solutions were made 
and frozen for storage. Of the eight 
sequences for 1.1, 1.2, 1.5, and 1.8, 
four were of good quality. The 
sequences were loaded into Chromas 
and analysed. The program can be used 
to identify and correct false basecalls. 
Plasmid and degenerated 
primers were identified in 
the sequence and the 
plasmid was removed.  
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Figure 19: Alignment of four cDNA sequences for herring prolactin 
Good sequences were obtained from the 3’end for three different clones: 1.1, 1.2 
and 1.8 which were inverted. Also a good sequence from clone 1.1 was obtained 
from the 5’end. From the alignment 3 mismatches are visible between the 
sequences. 
* indicates a single fully conserved residue 
The sequences were then aligned using ClustalX in order to identify possible mismatches. By 
comparing the different Chromas files we were able to find the reason for the mismatches in 
most cases being incorrect basecalls. After correcting all the correctable mismatches an 
alignment was made. Figure 19 shows the alignment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From the alignment three mismatches are found between the four sequences. These 
mismatches are located in the area of the two degenerated primers. After correcting and taking 
the mismatches into account the sequences is as follows: 
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CTGAATGATTTSCTGGAGCGAGCCCTCAGAGTGCCTGAATCAGAGTTGCTGTCCCTGGTTCGTTCGCTACTGCTT
GCGTGGTCAGATCCTCTGGCTGTACTGTTGACTGAGGCACCCAATCTTGTCCACCCTGAGAAAAGCCTGATCTAC
AGCAAAACCAAAGAACTGCAAGAACACTCAAACACCTTGGGTGCTGGCTTGGAGCATCTGGTCCACAAAATGGGT
CACTCCTCCCAGGACATCTCCTCCGTCCCCTTCAATAATGATCTTGGGAACGACAAGAACTCGCGCCTGACCAAC
TTCCACTTTCTGCTGTCCTGTTTTCGCAGAGACTCCCACAAGATCGACAGCTTCCTCAAAGTKCTACGSTGCCGG 
The blue color indicates the degenerated primers and the red colors indicate the mismatches 
between the three clones (S=G,C and K=T,G). 
 
The sequence was translated in the first three reading frames going in the forward direction 
using Winseq: 
1. reading frame: 
LNDLLERALRVPESELLSLVRSLLLAWSDPLAVLLTEAPNLVHPEKSLIYSKTKELQEHS  
      F 
NTLGAGLEHLVHKMGHSSQDISSVPFNNDLGNDKNSRLTNFHFLLSCFRRDSHKIDSFLKVLRCR     
 
2. reading frame: 
<MISWSEPSECLNQSCCPWFVRYCLRGQILWLYC<LRHPILSTLRKA<STAKPKNCKNTQTPWVL 
      C 
    AWSIWSTKWVTPPRTSPPSPSIMILGTTRTRA<PTSTFCCPVFAETPTRSTASSKCYAA   
                                                           F G 
3. reading frame: 
E<FPGASPQSA<IRVAVPGSFATACVVRSSGCTVD<GTQSCPP<EKPDLQQNQRTARTLKHLGCW 
      A 
   LGASGPQNGSLLPGHLLRPLQ<<SWERQELAPDQLPLSAVLFSQRLPQDRQLPQSATLP 
                                                          S V 
Only the first reading frame gave a complete sequence while the others contained numerous 
stop codons. When doing a BLASTP on all amino acid sequences only the first was similar to 
prolactin. We therefore conclude that the first reading frame is the right reading frame. 
Although there is not concensus at three places in the nucleotide sequence only one is found 
in the amino acid sequence meaning that there are two synonymous substitutions. The protein 
sequence was aligned with the sequence from zebrafish. The alignment is shown in figure 20. 
The alignment shoved, as assumed, that the C- and N-terminal were missing but also an 
unexpected gap in the middle of our sequence. New primers were therefore constructed 
upstream (Prl-1-new) and downstream (Prl2-2) from the gap in order to find it.  
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Figure 20: Alignment of prolactin protein sequence from herring (partial) and zebrafish  
From the alignment a gap is visible in the herring cDNA sequence 
*= Single fully conserved residue 
: =Strong group fully conserved;  (STA, NEQK, N HQK, NDEQ, QHRK,  
MILV, MILF, HY or FYW) 
. = weaker group fully conserved; (CSA, ATV, SAG, STNK, STPA, SGND or 
                    SNDEQK, NDEQHK, NEQHRK, FVLIM or HFY) 
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Figure 22: PCR product 
PCR reaction with Phusion DNA 
pol and DAN-V cDNA. Samples 
CB and CS contain Prl-1-new and 
Prl2-2. Samples DM and DS 
contain Prl-1-new and DAN-p1. 
Bands of interest are indicated by 
arrows.  
m2    m3   CB CS   DB  DS  m3  m2  
1 
2 
4
3
The gap 
Figure 21 shows the location of the primers used to find the gap. 
 
In order to se if the gap is caused by alternative splice 
sites or because of a misfit of the degenerated primers 
chromosomal DNA was purified for PCR reactions. New 
cDNA was used as a control. The gap was analyzed by 
PCR reactions with cDNA and chromosomal DNA with 
the following primers: Prl-1-new and Prl2-2 but without 
result. Direct PCR reactions on a homogenized pituitary 
gland was also tried but without result. 
 
DAN-V cDNA was used for PCR reaction for both the 
gap and the 3’end. A PCR reaction with Prl-1-new and 
Prl-2-2 and Phusion DNA pol. (610C) gave a result for 
the gap. These samples were designated CB and CS. 
Band 1 and 2 in figure 22 are of interest (Band 3 and 4 
are explained in the next section). No band was found around 300bp, but the intense band (1) 
above the 400bp marker in the two samples was gel purified and sequenced without cloning. 
The sequence results showed that only the sequence reaction for Prl-1-new for sample CS was 
readable why only this one was used. 
Figure 21: Primers used for finding the gap 
It is estimated that a PCR reaction with Prl-1-new and Prl2-2 should give a PCR product of 
around 300bp.  
Prl-1-new 
5´ UTR 3´ UTR ORF 
TTTTTTTTTTTT 
AAAAAAAAAAA 5´ 
3´ 5´ 
3´ 
Prl2-2 
Expected size ~300bp
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The following sequence was obtained from band 1: 
      GGGCANTTGGGNGGAGGCTGCTGTTGTGGTGGGNGGGGGTNCTCTGAAGGTCACTTGGGC 
       G     L     G  G  C  C  C  G  G     G     S  E  G  H  L  G      
      CATGGACTGGATCTNGTTGGAGNAGTAGNCTCCCAAATTTCTTGGACAATCTTGCACTCA 
       H  G  L  D     V  G     V     S  Q  I  S  W  T  I  L  H  S      
      CTCAGCACATCTCTCAGTAACGACCTTAACACTCATTTCCATCCAATTGGAAAGATCATG 
     L  S  T  S  L  S  N  D  L  N  T  H  F  H  P  I  G  K  I  M                  
      ATGCGCCCGTCTATGTGTCACACATCCTCCCTCCAAACGCCCACTGACAAAGACCAAGCC 
       M  R  P  S  M  C  H  T  S  S  L  Q  T  P  T  D  K  D  Q  A      
      CTCAGAGTGCCTGAATCAGAGCTGCTGTCCCTGGTTCGTTCGCTACTGCTTGCGTGGTCA 
     L  R  V  P  E  S  E  L  L  S  L  V  R  S  L  L  L  A  W  S 
      GATCCTCTGGCTGTACTGCTGACTGACGCACCCAATCTTGTCCACCCNGAAANNAGCNNC 
       D  P  L  A  V  L  L  T  D  A  P  N  L  V  H     E     S   
 
The red area in the end indicates the location of prl2-2. The other parts of the sequence, 
marked by red, indicate areas where corrections have been made. By comparing the sequence 
with cDNA from the zebrafish we were able to see that no consensus was found between the 
two sequences in the start of the gap. The area highlighted by blue is not similar to the cDNA 
sequence of the zebrafish. The reason for this difference could be because our obtained 
sequence contains a part of an intron that has not been spliced out when we isolated the RNA.   
 
From the sequence for the gap the following amino acids were obtained were the red region 
represents some of the gap, and the black part represents the previously obtained part of the 
sequence: 
LHSLSTSLSNDLNTHFHPIGKIMMRPSMCHTSSLQTPTDKDQALRVPESELLSLVRSLLLAWSDPLAVLL 
TDAPNL  
 
The sequence was only identified from one individual herring and more sequences are 
therefore needed to verify that this is the actual sequence for the gap.  
 
Band 2 in samples CB and CS was not as sharp as band 1 why it was cloned into pBR322 by 
using blunt end ligation since no restriction sites were located in the used primers. These 
clones were then transformed into MT102 cells and plated. Colonies without a functional 
tetracycline gene was selected and colony PCR was conducted on eight clones. They all 
contained the band of the right size which was then purified and sequenced. Analysis of the 
sequences showed no homology to prolactin.  
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Figure 24: PCR products 
PCR reactions with old cDNA (1 and 2) 
and new cDNA (3 and 4) with primers 
Prl-3 and a Oligo dt(20). The bands 
indicated by arrows were chosen for 
purification. 
 m1       1        2        3      4       m1 
3’ end 
Figure 23 shows the location of the primers used to find the 3´end of the sequence. 
 
An attempt to find the 3’end of the sequence was 
made by using primer Prl-3 and an Oligo dt(20) 
primer on the new and old cDNA. Several PCR 
reactions were tried with many different annealing 
temperatures. By lowering the temperature to 50°C 
a result was obtained. Figure 24 shows the results. 
Double reactions were made with old cDNA (1 and 
2) and new cDNA (3 and 4). From figure 24 it is 
seen that bands were found between the 600bp and 
700bp marker in all samples. The bands were cut 
out and purified. Samples 1 and 2 were pooled to 
sample P1. Sample 3 and 4 were pooled to sample 
P2. The purified pool samples were controlled on a 
gel together with three other PCR reactions made 
with the same set of primers in order to test the different cDNA’s and chromosomal DNA (se 
figure 25). The three other samples contained: 
C3: old cDNA 
 C4: new cDNA  
 C5: chromosomal DNA  
Figure 23: Primers used for finding the 3’end 
By synthesizing cDNA with the DAN-V it is possible to find the 3’end and the sequence between 
primer DAN-p1 and primers Prl-3-new, Prl-2 and Prl-1-new respectively.  
5´ UTR 3´ UTR ORF 
TTTTTTTTTTTT 
AAAAAAAAAAA 5´ 
3´ 
Prl-1-new   Prl-3-new 
DAN-V 
Expected size~54bp + 3´ UTR and poly A-tail 
Expected size~555bp + 3´ UTR and poly A-tail
5´ 
3´ 
DAN-p1 
Complementary DAN-V 
   Prl-2 
Expected size~357bp + 3´ UTR and poly A-tail
   Prl-3 
Page 30 of 50 
All the control reactions contained the same band as 
sample P1 and P2. Since control C5 contained the band 
something had gone wrong because of the lack of a poly-
A tail in chromosomal DNA. In order to determine what 
had happened and if the band contained prolactin 
samples P1 and P2 were cloned into pCR®4-TOPO® for 
amplification. TOPO-TA cloning vas chosen for this 
cloning because no existing restriction sites in the Oligo 
dt(20) primer and Prl-3. The clones were plated on LB 
plates containing 50µg/ml kanamycine and 100µM 
IPTG. The IPTG was added to induce the transcription of 
the LacZα-ccdB. Six clones were selected for plasmid 
purification. The purified plasmids were cut with 
restriction enzyme EcoRI in order to check if they 
contained the right insert. Clones 5 and 11 contained the 
right size inserts. These clones were sequenced with M13 
forward and reverse primers. The sequence only showed 
results for primer M13 forward. But after analyzing the sequences in Chromas and conducting 
a BLAST search the clone turned out not to share homology with other prolactin sequences. 
After analyzing primer Prl-3 we found out that it was not specific enough so a new primer 
(Prl-3-new) was designed. More work has to be done to make PCR reactions with DAN-V 
cDNA and with primers Prl-3-new and DAN-p1.  
 
PCR reactions were also made with the DAN-V cDNA, Prl-1-new and DAN-p1. The results 
are shown in figure 22 as sample DB and DS. Band 3 and 4 were purified and cloned into 
pBR322 plasmids. These plasmids were then transformed into MT102. Colony PCR was done 
on clones from the samples. Band 3 and 4 showed multiple bands. The bands with the 
expected size were chosen for sequencing and only gave homology with E. coli sequences. 
This indicated that chromosomal DNA from the MT102 cells was present. Because of the 
possible interference of chromosomal DNA, plasmid purification was made. PCR reaction 
with the use of plasmid primers pBR 1A and BamBack still showed multiple bands in each 
sample. Because of multiple bands the temperature was raised to 600C. This had little effect. 
Figure 25: PCR products and 
control of purifications 
PCR samples C3 contains old 
cDNA, C4 contains new cDNA and 
C5 contains chromosomal DNA. 
Samples 1 and 2 are controls of 
purified PCR reactions. All the 
samples show the same band. This 
indicates that all cDNA’s have been 
contaminated with chromosomal 
DNA. 
   m1    C3    C4    C5    P 1   P 2   m1 
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Primer pBR 1A was therefore replaced with Prl-2 being prolactin specific. This reduced the 
number of bands and the right bands were identified 
by comparing the gel photos. No bands of interest 
were found for band 4 cloned into pBR322. The 
bands of interest for band 3 in pBR322 are indicated 
by arrows in figure 26. From this identification the 
bands from the PCR reaction with the plasmid 
primers were chosen for purification. These bands 
were chosen because they also contain the sequence 
for the gap. As shown in figure 26 only bands in 
samples DS3 and DB3 gave a result. The bands have 
not yet been purified and sequenced. 
5’ end 
Figure 27 shows the location of the primers used to find the 5’end of the sequence. 
 
In order to obtain the 5’end of the sequence TdT was used. TdT adds in our case G 
nucleotides to the 3´end. By adding G’s to the end our Uni-CCC primer can hybridize to it 
and the 5’end can be found. Numerous attempts have been made to attach G nucleotides and 
make the PCR reactions work but none have succeeded. Some of the samples were also 
treated with RNase A and RNase H in order to establish if the DNA-RNA hybrid could have 
an effect on TdT´s addition of G nucleotides in the 3´end. These RNases were used because 
RNase A digests free RNA and RNase H the RNA from DNA-RNA hybrids. More work is 
needed. 
5´ UTR 3´ UTR ORF 
Prl2-2 
GGGGG 3´ 
Uni-CCC 
TTTTTTTTTTTT 5´ 
3´ AAAAAAAAAAA 5´ 
Expected size~369bp + 5´UTR 
Figure 27: Primers used for finding the 5’end 
Additions of G nucleotides to the 3’end of the complementary cDNA strand enable the Uni-CCC primer 
to hybridize with the attached G’s. PCR amplification between Prl2-2 and Uni-CCC is made possible. 
Figure 26: PCR products 
The colony PCR was run with plasmid 
primers for pBR322. Clones containing 
band 3 were used as template and are 
referred to as samples DS3 and DB3.The 
arrows show bands and samples of interest.  
             DS3                     DB3 
m2   9  10 12 19  m2   7   8   16  24  41 m2 
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The obtained partial sequence 
When combining the sequence found with the degenerated primers and the red part of the 
sequence for the gap we then obtained the following sequence: 
CTGAATGATTTSCTGGAGCGA-TTGCACTCACTCAGCACATCTCTCAGTAACGACCTTAACACTCATTTCCATCC 
AATTGGAAAGATCATGATGCGCCCGTCTATGTGTCACACATCCTCCCTCCAAACGCCCACTGACAAAGACCAAGC
CCTCAGAGTGCCTGAATCAGAGTTGCTGTCCCTGGTTCGTTCGCTACTGCTTGCGTGGTCAGATCCTCTGGCTGT
ACTGTTGACTGAGGCACCCAATCTTGTCCACCCTGAGAAAAGCCTGATCTACAGCAAAACCAAAGAACTGCAAGA
ACACTCAAACACCTTGGGTGCTGGCTTGGAGCATCTGGTCCACAAAATGGGTCACTCCTCCCAGGACATCTCCTC
CGTCCCCTTCAATAATGATCTTGGGAACGACAAGAACTCGCGCCTGACCAACTTCCACTTTCTGCTGTCCTGTTT
TCGCAGAGACTCCCACAAGATCGACAGCTTCCTCAAAGTKCTACGSTGCCGG 
 
When translated into amino acids we obtain the following sequence: 
LNDLLER-LHSLSTSLSNDLNTHFHPIGKIMMRPSMCHTSSLQTPTDKDQALRVPESELLSLVRSLLLAWSDPLA 
VLLTEAPNLVHPEKSLIYSKTKELQEHSNTLGAGLEHLVHKMGHSSQDISSVPFNNDLGNDKNSRLTNFHFLLSC
FRRDSHKIDSFLKVLRCR 
 
The – indicates the position of the gap. 
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Analysis of the found prolactin sequence 
In the following section the partial prolactin cDNA sequence from the herring will be 
analyzed by conducting a BLASTP and comparing it with other teleost species.  
Protein BLAST  
A homology search with the obtained herring protein sequence from prolactin was conducted 
using BLASTP. Besides showing homology to teleost prolactin, homology to other 
vertebrates was also found. Also homology to other proteins such as placental lactogen and 
growth hormone was found as expected since they are in the same family although with lower 
identities and E-values. The BLAST search was then restricted to teleostei and afterwards the 
following 19 teleost species were used for comparison. The results are shown in table 4. 
Human prolactin and Norwegian rat placental lactogen was also added to the table in order to 
verify that it was prolactin. 
Species Identities (%) Positives (%) Gaps (%) E-values 
Zebrafish   72 84 5 6e-56 
Tench 73 84 5 5e-57 
Silver-carp  72 84 5 3e-54 
Channel-Catfish 70 82 4 5e-55 
Stinging-catfish  70 83 4 4e-57 
Carp  71 83 5 5e-55 
Goldfish  71 84 5 8e-55 
European-eel  67 82 5 5e-58 
Atlantic-salmon  67 81 5 1e-55 
Chum-salmon 67 81 5 8e-56 
Chinook-salmon  67 80 5 5e-55 
Rainbow-trout 67 81 5 8e-56 
Artic-cisco  68 81 5 4e-56 
Gourami  60 76 1 5e-48 
Yellow perch  63 77 5 3e-53 
Flounder  63 79 5 5e-51 
Seabream  61 76 5 1e-48 
Bluefin-tuna 59 75 5 1e-46 
Grouper  63 79 5 3e-51 
Human 35 60 7 2e-21 
Norwegian rat 
placental lactogen 
33 57 4 5e-13 
Tabel 4: Results of protein BLAST with the herring sequence against prolactin from 19 teleosts and 1 
human as well as 1 Norwegian rat placental lactogen 
The sequences from the 19 previously used teleost were identified using the GI-numbers in table 2. Human 
prolactin GI: 531103. Norwegian rat placental lactogen GI: 206222. 
Positive indicates amino acids with the same chemical properties. The E-value indicates the likelihood that the 
compared sequences are homologues and is dependent on database size. If E≤0.02 the sequences are probably 
homologous. If 1>E>0.02 homology cannot be ruled out. If E >1 it is match by chance (Lesk, 2005). 
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Comparison with other species  
The partial prolactin amino acid sequence from herring was aligned with the prolactin amino 
acid sequences from 19 other teleost species. Because of misconcensus in the fourth position 
of the amino acid sequence in herring, two possible amino acids could be used in the 
alignment, leucine (L) or phenylalanine (F). Leucine was chosen, because this amino acid is 
found at the same residue in the other teleost species. The amino acid sequences were aligned 
in ClustalX and shown in figure 28. From the alignment it is clear that some sequence is 
missing where the gap was identified. Also, the 5’and 3’end were not successfully sequenced. 
From the alignment several conserved regions are visible. The most conserved regions are 
found in the regions 68-77, 89-103, 184-205 amino acids. Although some of the herring 
sequence is missing the area around the gap also seems to be highly conserved compared to 
the other teleost species, with the exception of a few residues. Besides these regions, several 
smaller regions are found with high conservation and overall 66 conserved residues are found 
among the 20 teleost species. It should be taken into account that because the analysed herring 
sequence is shorter than that for the other teleost species, the conservation within the 
sequences can only be estimated within that area of the herring sequence resulting in about 
40% conserved residues within the sequences (66/167). From the alignment it is visible that 
especially the N-terminal end is not so conserved among species. Excluding the herring 
sequence from the alignment gives 71 conserved residues resulting in a ~ 34% conservation 
(71/207 to 212) among the sequences. This value is lower compared to the one where the 
herring is included and must be due to the areas of lower conservation. The low homology 
found in the N terminus is because of a signal sequence in this region of 23-24 amino acids 
(Manzon, 2002) that is removed when transported to the target tissues. 
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Differences in the herring amino acid sequence 
When comparing the herring sequence with the sequences of other teleost species in the 
alignment in figure 28 some of the residues in the herring sequence stand out. These 
differences were first checked in chromas in order to verify that no misreadings were found in 
the sequences at these residues. In the herring amino acid sequence region 8-49 (43-85 in the 
Figure 28: Alignment of prolactin amino acid sequences from herring and 19 teleost species 
From the alignment it is seen that the herring sequence is only partial. The 5’and 3’end still needs to be 
sequenced as well as the small gap. 
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alignment) was only determined from one sequence as described previously. The differences 
were analyzed and presented in table 5: 
Residue Amino acid in Herring Amino acid in the other teleost species 
55 Asn (N) Asp (D) or Ser (S) 
59 His (H) Pro (P) or Ser (S) 
63 Gap Lys (K), Arg (R), Trp (W) or Gly (G) 
67 Met (M) Pro (P) or gap 
81 Thr (T) Asp (N), Ile (I), Ser (S), Lys (K), His (H) 
114 Leu (L) Ser (S) (or Ala (A) in the eel) 
119 Asn (N) Thr (T) or Ser (S) 
121 Val (V) Ala (A), Pro (P), Leu (L) (or Ser (S) in the eel) 
127 Leu (L) Ser (S), Thr (T), Asp (D) (or Ala (A) in the eel) 
155 His (H) Ser (S), Pro (P) or Glu (E) 
159 Asp (D) Ser (S), Asn (N), Ala (A), Leu (L), Thr (T) or Tyr 
(Y) 
163 Val (V) Leu (L) or Ile (I) 
167 Gap Gly (G), Ser (S), Thr (T) or Ile (I) 
Table 5: Differences in amino acid residues between the herring and 19 teleost species 
Differences are presented if no similar amino acids as the one in the herring are found in the 19 other teleosts. 
 
From table 5 multiple differences are found between the herring sequence and the 19 teleost 
species. Some of the differences are of greater importance than others. It should be noted that 
all these differences are located outside the four highly conserved regions described 
previously. The differences found in residue 67, 119, and 163 are all amino acids with the 
same chemical properties. In residue 55 the herring sequence an asparagine (N) is located 
where aspartate (D) is normally found in the used teleost species (with the exception of the 
seabream who has a serine (S)). Both these amino acids are hydrophilic since N is polar and D 
is negatively charged and no big size difference is found between the two amino acids. The 
same holds for residue 121 were most of the species contain either alanine (A), proline (P), or 
leucine (L) all being nonpolar. The eel stands out with a serine (S) being hydrophilic. For 
many of the other differences the same situation is found. In other cases many different amino 
acids are found within one residue showing a low conservation such as residue 81, 121 and 
159. In residue 114 leucine (L) is found in the herring sequence where serine is normally 
located. This difference results in a change from a hydrophilic (S) to a hydrophobic (L) 
residue. The same situation is found in residue 127 where leucine (L) is found in the herring 
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sequence while serine (S), threonine (T) or asparagine (N) is found in the other species: The 
eel is an exception with alanine (A) in that residue.  
Paralogs/orthologs in the used sequences 
Orthologs are homologous proteins in different species that have evolved from a common 
ancestor. Paralogs are homologous protein within the same species. Normally, the function of 
orthologs has not changed in the course of evolution, whereas paralogs evolve new functions 
(Lesk, 2005). 
 
As described previously two forms of prolactin have been identified in some teleost species 
and of the 19 used teleost species chum salmon and common carp have two forms of 
prolactin. In order to establish if the grouping shown in the alignment could be because of 
paralogs used in the same alignment, the different forms of precursor prolactin in chum 
salmon were added to an alignment and a phylogenetic tree was created with human prolactin 
as out-group (table 3). Besides the previously used sequence, four more were found for chum 
salmon on NCBI; two precursor prolactins, prolactin I and prolactin II. The two precursor 
prolactins were identical when aligned why we chose to use only one of these. Only precursor 
prolactin was used since they contained a signal sequence as the ones previously used. The 
two forms of prolactin in common carp were not added to the phylogenetic tree since an 
alignment of the found sequences on NCBI showed no differences at the amino acid level. 
Besides the chum salmon, two forms of precursor prolactin were present on NCBI for 
chinook salmon. Besides the one used previously the other was aligned with the sequences 
and a phylogenetic tree was created. The phylogenetic tree is presented in figure 29. 
 
From the phylogenetic tree, three major groupings are found. The herring is grouped with 
zebrafish, tench, goldfish, the two carp species and the two catfish species. Two other 
groupings are found, one containing the anadromous and catadromous species, and the third 
containing the rest of the used teleost species. The bootstrap values within the grouping with 
herring are relatively high indicating that the actual branching is very likely. This grouping 
has a closer relationship to the anadromous/catadromous grouping as seen from the 
branching. The two added forms of prolactin from chinook and chum salmon both group 
within the anadromeus and catadromous species indicating a high degree of homology within 
these two forms. Prolactin I from chum salmon and prolactin II from chinook salmon are 
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Figure 29: Phylogenetic tree showing the distribution of the teleost species used in the alignment 
Bootstrap values out of 1000 are given in the figure indicating the likelihood of the current branching. 
Human prolactin was used as outgroup. Besides the used prolactin sequences another form of prolactin 
from chum salmon and chinook salmon was used in order to establish the homology between paralogs.  
grouped together and the same is the case for the two other forms. This indicates that the used 
sequences are not paralogs. Since the different forms of prolactin in the two salmon species 
share such a high degree of homology and same function it is rather different isoforms. It 
should be noted that some of the bootstrap values within this grouping are low indicating that 
the branching could be different.    
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Discussion  
The aim of this project was to determine the sequence of the prolactin hormone in Atlantic 
herring (Clupea harengus). Herring were sampled from Øresund and the Isefjord in order to 
establish if any genetic differentiation was found in the prolactin sequence. At present a 
partial prolactin cDNA sequence from the Atlantic herring has been obtained. The sequence is 
501 nucleotides and codes for 167 amino acids. By conducting a homology search it was 
established that the sequence was prolactin. The sequence is established from three clones 
from two individuals sampled in the Isefjord, and the region of amino acids 8-49 is based on a 
single individual from Øresund why further sequencing of this area is needed. It has therefore 
not been possible to compare sequences from individuals from both environments. It has not 
been possible to sequence the 5’ and 3’end, and a small gap of 21 nucleotides located near the 
5’end. These regions still need to be sequenced.  
 
At present the use of degenerated primers and the use of primer prl-1-new and prl-2-2 has 
resulted in sequence. In the attempt to sequence the 3’end the use of a oligo dT primer with 
either prl-3 or prl-1-new did not give any results why an anchor (DAN-V) was incorporated 
into the cDNA and a primer specific for the anchor was used (DAN-p1). PCR products were 
obtained with the use of DAN-p1 and Prl-1-new. At present the obtained PCR products still 
needs to be sequenced and analyzed in order to establish if the use of the anchor primer was a 
success. Also PCR reactions with Prl-3-new and DAN-p1 still needs to be made dependent on 
the results obtained from prl-1-new and DAN-p1. Since primer prl-1-new is located in the 
region of the 5’-prl degenerated primer which resulted in a gap, some suspicion is connected 
to these primers why the use of prl-3-new could be a better choice in trying to obtain the 
sequence for the 3’end. In attempting to obtain the 5’end RNase treated cDNA was DNA 
tailed with the addition of G residues and used for PCR reactions. An oligo-dC primer (Uni-
CCC) and prl-2-2 was used as primers but without result and further work needs to be 
conducted.  
 
Obtaining the missing regions will have an effect when comparing with other teleost species. 
Because of a signal peptide in the N-terminal of the prolactin amino acid sequence, this region 
is not highly conserved compared to the rest of the sequences, and obtaining this sequence for 
Page 40 of 50 
herring prolactin will result in a lower homology. At the nucleotide level it is also expected 
that the UTR regions will result in a lower homology between the different teleost species.  
 
The sequence obtained from the two herring individuals in the Isefjord was based on three 
clones. Some differences are found within the sequences obtained from these clones. The 
differences were located at three residues located within the degenerated primers. When 
translated, two of these three differences where synonymous substitutions since they did not 
result in changes in the amino acid sequence. The third difference resulted in two possible 
amino acids, either phenylalanine (F) or leucine (L). Alignment with other teleost species 
indicated that leucine was the actual amino acid within this highly conserved residue. The 
reason for these differences is unknown but could likely be due to the use of degenerated 
primers. It should though be noted that we are working with diploid organisms and that the 
two alleles could be different resulting in the described differences. Also since two pituitary 
glands were used for the RNA isolation from individuals sampled in brackish water single 
nucleotide polymorphism between two individuals could result in the observed difference. 
Since the three observed differences in the nucleotide sequence are only found within the 
degenerated primers these results supports that the primers are the actual cause and in order to 
demonstrate this, it is necessary to sequence these areas with primers located away from these 
regions.  
 
The protein sequence for herring was aligned with 19 different teleost species including, 
saltwater, freshwater, catadromous and anadromous species in order to determine the 
conservation of prolactin within these teleosts. The alignment shows that sequence 
conservation is high among these fishes. From the alignment three conserved regions are 
visible at amino acids 68-77, 89-103, and 184-205. Previously aligned mammalian and teleost 
prolactins have shown four highly conserved regions of amino acids (Rentier-Delrue et al., 
1989). When disregarding the missing herring sequence in the region of the gap this area also 
seems to be highly conserved between the other teleost species with exception of a few 
residues, and these four conserved areas correspond well to the four regions described by 
Rentier-Delrue et al. (1989). The conservation of these four regions between mammalian and 
teleost species indicates that they are important for the function of the protein hormone.  
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From the alignment 40% of the residues are found conserved among the 20 teleost species 
when using the length of the herring amino acid sequence. Outside the conserved regions 
some dissimilarities are found between the herring and the 19 teleost protein sequences where 
the herring sequence stand out from the other. In most cases the dissimilar amino acids have 
the same chemical properties. In other cases many different amino acids are found within that 
residue indicating a low conservation. At residue 114 and 127 leucine is found in the herring 
sequence being a nonpolar (hydrophobic) amino acid. With the exception of the European eel 
having alanine (A) at that residue hydrophilic amino acids are found at these residues in the 
other teleost species. These dissimilarities could influence the folding of the mature protein 
since hydrophobic amino acids are often packed in the interior of the protein while the 
hydrophilic amino acids are located on the outside. As mentioned these differences are 
located outside the most conserved regions and it is therefore possible that these are without 
greater importance to the function of the protein. Since prolactin is a hormone with receptors 
located in the target tissue these mentioned dissimilarities could be of minor importance 
compared to for instance proteins being enzymes with an active site.  
  
From the phylogenetic tree with both forms of prolactin found in chinook and chum salmon it 
was established whether the used sequences were actual orthologs or possible paralogs. The 
tree showed that the two forms of chum and chinook salmon grouped together with the rest of 
the anadromous and catadromous species. This indicates that the sequences used in the 
alignment were not paralogs. The two forms of prolactin found in the salmon species were 
rather different isoforms because of the high homology. 
 
A BLASTP on the herring sequence restricted to teleost fishes showed a high homology 
within the 19 used sequences with identities ranging from 59-73% and low e-values. From the 
phylogenetic tree (figure 29) three groupings within the 20 teleosts were observed. The 
herring prolactin sequence was grouped with tench, zebrafish, goldfish, the two carp- and the 
catfish species. From the BLAST search the protein sequences from these species had the 
highest similarities compared to the herring sequences. Another grouping contained all the 
anadromous and catadromous species and they had a closer relationship to the grouping 
containing the herring compared to the rest of the species falling into the third grouping. This 
third group contained gourami, yellow-perch, flounder, seabream, bluefin-tuna and grouper. 
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When analysing the bootstrap values of the phylogenetic tree the values are generally high 
within the grouping containing the herring sequence while some lower values are found 
within the grouping of anadromous and catadromous species. In the last grouping both high 
and low bootstrap values were found. The low bootstrap values could be due to the high 
conservation between the teleost species. The three groupings found within the phylogenetic 
tree illustrate a high homology within these sequences which could mean one of two things. It 
could be due to a taxonomic relationship or because of parallel evolution due to prolactin’s 
role in osmoregulation within these groupings. From the alignment a higher homology is 
found among the anadromous and catadromous species than among species in the other 
groups, which is also verified by the phylogenetic tree. The higher homology within this 
grouping could be a result of a higher conservation within these anadromous and catadromous 
species compared to the other teleosts since these species have a higher dependence of 
prolactin when adapting to freshwater environments. The other species are either freshwater 
or saltwater species and it could be argued that they have a lower dependence on prolactin. 
The grouping could also be because of a taxonomic relationship and since all the species in 
anadromous/catadromous grouping is in the same family (salmonidae) with the exception of 
the eel. When comparing the phylogenetic tree with the species taxonomic relationships, 
similarities are seen (figure 12). Generally a good agreement is found between the taxonomic 
and the phylogenetic grouping of the different species with a few exceptions. In the 
taxonomic tree the grouping with the anadromous and catadromous species are closer related 
to the grouping with flounder, seabream, yellow-perch, grouper and gourami. In the 
phylogenetic tree the anadromous/catadromous grouping is closer related to the grouping with 
the herring. Also the placement of the European eel is different in the two types of trees. The 
European eel is distantly related to the other teleost species but in the phylogenetic tree it is 
closely related to the anadromous species indicating that the grouping of prolactin could be a 
result of parallel evolution. It should be noted that low bootstrap values are given at the 
branching points that differs between the two trees. It therefore seems likely that grouping of 
the different prolactin sequences could be caused by a taxonomic relationship and not because 
of parallel evolution. This is also supported by the fact that prolactin is involved in many 
other processes besides osmoregulation why parallel evolution of this protein hormone seems 
more unlikely. Finally it should be mentioned that because the sequences are so conserved 
between these species it is not possible to establish if the groupings are due to a taxonomic 
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relationship or parallel evolution and further sequences needs to be included in order to 
examine this.  
 
To summarize, it is still necessary to determine the sequence of prolactin in the 5’ and 3’end 
as well as the gap in order to obtain the complete cDNA sequence. At present the sequence is 
obtained using information combined for individuals living in both saltwater and brackish 
water, and it is therefore necessary to obtain the sequence from one individual from each 
location in order to compare these sequences and establish if differences are found at the 
prolactin hormone level because of two possible populations. If differences are found in the 
expression of prolactin between herring from the two sampling stations, genetic selection set 
off by different salinities is very likely to be found at the level of regulation of prolactin 
transcription. By sequencing the promoter region of prolactin a difference could be found if 
the herring from the two sampling stations represents two genetically different pools that use 
different spawning locations, which could involve a different regulation of prolactin. It has 
been established that transcription of prolactin is under the control of a prolactin releasing 
peptide which functions as an inducer (Sakamoto et al., 2003). At this regulation level a 
difference could also be found in this inducer protein or the regulator elements with which the 
inducer protein interacts.   
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Suggestions to additional work 
Here we will try to give suggestions of how to continue the work we have begun. We do this 
because we did not obtain the entire sequences for the herring from the two locations.  
Southern blotting 
In many of our PCR reactions multiple bands were shown. Raising the annealing temperature 
did not have any effect. On way of finding out which bands are of our interest could be by 
southern blotting. In this way a radioactive probe would hybridize with bands of interest. The 
probe can be constructed by taking a sample of the stored MT102 cells with pTAC5147 
containing a partial prolactin sequence from herring. The plasmid should then be purified 
from an overnight culture of these cells and a PCR reaction could be made followed by a 
purification of the PCR product. This product could then be labeled with radioactivity and 
used as probe. 
The gap 
An attempt to find the last part of the gap could be done by using a long PCR reaction with 
Prl-1-new and Prl-2-2 with chromosomal DNA. In this way it might be possible to amplify 
the sequence on both sides of the splice site and sequence it. If the sequence is too long, 
primer walking can be done in order to obtain the exon sequence on both sides of the intron.  
Since our first reactions with the degenerated primers produced a gap in our sequence and Prl-
1-new is located in the same region, the optimal approach would be to get the sequence in that 
area first with the use of a primer located further down and a primer in the 5’end as described 
for the 5’end.  
3’end 
The 3’end could be found by conducting more PCR reactions with different temperatures and 
chose more bands for purification and cloning. With the use of the DAN-p1 primer it should 
be possible to find the sequence between this primer and Prl-3-new. 
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5’end 
Different approaches can be taken in order to find the 5’end. On of these could be to design a 
new Uni-CCC primer with a D (A, T or G) as the last nucleotide. In this way the primer will 
align with the attached G nucleotides at the beginning of the signaling sequence. The G 
nucleotides are added by TdT. When running a PCR with the Uni-CCC-D and Prl-2-2 the 
5’end of the sequence should be obtainable. 
 
A hexamer N (A, T, G or C) nucleotide primer could 
also be constructed. The idea of a primer containing six 
N nucleotides is that the primer will align with the 
sequence at multiple sites from the other primer, in this 
case prl-2-2. When controlling the PCR products on a 
gel the largest DNA fragment is chosen for sequencing. 
 
Another attempt could be done with the use of a 
5’RACE kit (Rapid Amplification of cDNA Ends). In 
that way the 5’end of the sequence should be 
obtainable. cDNA Amplification Kit works in the same 
way as the DAN-V primer during cDNA synthesis. It 
incorporates synthetic adaptors into both the 5’ and 
3’end as indicated in figure 30. In this way it is possible 
to find both ends of the sequence. 
Future projects 
After obtaining the complete prolactin cDNA sequence the next step is to create protein and 
finally antibodies which could be used to identify prolactin in the different tissues. By cloning 
the cDNA sequence of prolactin into a specific vector and then transforming it into bacteria it 
would be possible to induce the transcription of the cDNA, followed by translation of the 
mRNA resulting in the synthesis of the protein hormone. Prolactin could then be purified and 
injected into a host organism. This organism’s immune system would then create antibodies 
against prolactin. These primary antibodies could then be extracted from the blood, and a 
Figure 30: Mechanisms of cDNA 
synthesis with a RACE kit 
The primer attaches to the added C 
nucleotides in the 3’end of the cDNA 
synthesised by the oligo dt primer. The 
G nucleotides of the SMART primer 
then hybridise with the added C’s and 
the primer region is incorporated into 
the cDNA. 
Soruce: clonetech 
Page 46 of 50 
secondary labeled antibody could then be used to bind to and identify primary antibodies and 
the location of prolactin.  
 
In order to create antibodies, the entire cDNA sequence of prolactin must be obtained and the 
ORF must be cloned into the vector. When the entire prolactin hormone has been sequenced 
primers are designed and positioned in the 5’ and 3’ UTR regions. These primers must 
contain restriction sites. We recommend restriction sites NdeI and HindIII, which also is 
located in plasmid pTAC5147. This plasmid also contains a histidine coding gene (his tag) 
right before the NdeI restriction site. Transcription of this gene can be induced by addition of 
IPTG to an overnight culture with cells containing the right plasmid with the right insert. By 
harvesting the overnight culture the protein can be purified because of the added His taq.  
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